Modification of the lateral closing wedge osteotomy of the proximal tibia is described for gonarthrosis associated with vms deformities. In this procedure, the anterior and posterior cortices are left attached to the distal and proximal fragments respectively when the bone wedge is removed. The defect is closed by applying valgus stress and medial rotation to the distal fragment so that the tibial tubercle advances anteriorly and the posterior cortex of the proximal fragment overrides the distal fragment. Contact area and stability at the osteotomy site are increased by an interlocking effect of the cortices and the stress under the patella is reduced by anterior advancement of the tibia1 tubercle. Satisfactory results have been obtained in 36 cases followed for one to three years with few complications.
increased by an interlocking effect of the antenor and posterior cortical lips of the tibia and the stress under the patella is reduced by anterior advancement of the tibial tubercle. This study describes the technique of the interlocking wedge osteotomy and reports the results of 36 cases with postoperative followup periods ranging from one to three years.
MATERIALS AND METHODS

PREOPERATIVE PLANNING
Indication for the valgus osteotomy is determined after extensive evaluation, including arthrographic and arthroscopic examinations. The most important requirement for the procedure is that the lateral compartment must show no, or only slight, degenerative changes. The knee with the lateral discoid meniscus is not a contraindication if there is no symptom present in the lateral compartment." Due to the fact that the anatomic axis is difficult to locate in the deformed femur or tibia, the mechanical axis of the entire lower extremity is used to determine the correction angle.5*10.'2.'3.18 Appropriate overcorrection is desired2? osteotomy is planned to shift the medially located mechanical axis laterally so that it passes at the junction between the medial and middle third of the lateral compartment of the knee joint in the postoperative standing position.
OPERATIVE PROCEDURE
The procedure is basically a lateral closing wedge osteotomy of the proximal tibia.2*8,'6 A transverse skin incision approximately 5 cm long is made over the anterolateral aspect of the proximal tibia between the fibular head and the tibial tubercle. As an alternative, a longitudinal skin incision can be made extending medially over Gerdy's tubercle to Ogata C l i n d and Related R.asmvch the lateral aspect of the tibial tubercle and then distally along the tibial crest for a length of approximately 5 cm. The anterolateral tibial metaphysis is then exposed by subperiosteal dissection of the anterior tibial musculature. Preoperatively. planned positions of the upper and lower osteotomy planes are checked roentgenographically by inserting guide wires. The upper osteotomy line is usually placed parallel to the joint surface and approximately 5 mm proximal to the tibial tubercle. After roentgenograms are obtained the fibula is osteotomized in the proximal portion of the middle third through a separate lateral leg incision. After the osteotomy site is confirmed on the roentgenogram, a wedge is removed from the anterolateral aspect of the tibial cortex in such a manner as to create a window ( Fig. IA) . Next, the upper osteotomy cut is made, using an oscillating bone saw. beneath the patellar tendon deep enough to reach, but not penetrate, the posterior and posteromedial tibial cortex. The lower osteotomy cut is then begun at the posterior cortex and directed anteriorly to, but not through, the anterior and anteromedial cortex. When the posterior cortex is cut, care must be taken to avoid injury to the anterior tibial vessels and subsequent anterior compartment ischemia. Cancellous bone between the osteotomy cuts is then removed, but the anterior and posterior cortices are left attached to the distal and proximal fragments respectively. With the medial cortex and periosteum intact, the wedge is closed by applying valgus stress and internal rotation of about 5" to the distal fragment. This allows the tibial tubercle to advance anteriorly and the posterior cortex of the proximal fragment to ovemde the distal fragment ( Fig. 1B) . It may occasionally be necessary to remove the medial portion of the posterior cortical lip to snugly close the osteotomy. Internal rotation of more than 5' is rarely necessary to interlock the fragments because the upper tibial metaphysis curves slightly anteriorly as it extends distally to join the tibial shaft. However, in cases of severe patellofemoral disease with lateral subluxation of the patella, a greater degree of medial rotation is required to cause increased anteromedial advancement of the tibial tubercle. rotation tends to cause increased anteromedial advancement of the tibial tubercle, which, however, results in increased gaps (less area of contact) between the fragments both anteriorly and posteriorly. In such cases, an appropriate amount of cancellous bone may be left attached to the anterior and postenor cortices when the wedge is removed, or the resected bone can be grafted to the gaps to increase the contact areas. Satisfactory fixation of the osteotomy is usually accomplished by a laterally a p plied stepped staple.2 All extra cancellous bone is grafted to the dead space on the lateral aspect of the osteotomy site. The corrected alignment on anteroposterior and lateral roentgenograms should be checked.
POSTOPERATIVE MANAGEMENT
After surgery the knee is immobilized in 5"-10" of flexion with a posterior plaster splint. Ten days after surgery a cylinder cast is applied and the patient is allowed to start partial weight-bearing and proceed to full weight-bearing as tolerated. At four to five weeks postsurgery the cast is removed and the range-of-motion exercise begun. Full weightbearing is allowed gradually at six to seven weeks. If the joint debridement was performed at the time of osteotomy, the range-of-motion exercise is started as early as possible. However, weight-bearing is deferred until six weeks after surgery.
CLINICAL MATERIALS
Thirty-six osteoarthritic knees with varus deformity were treated with the interlocking wedge os- teotomy of the proximal tibia and followed for one to three years after surgery. There were two cases of spontaneous osteonecrosis of the medial femoral condyle. Of the 36 knees, 24 knees had intra-articular pathologic findings thoroughly documented by both arthrographic and arthroscopic examinations before the osteotomy procedure. Eight of these knees showed the complete type of discoid lateral meniscus with no apparent tear or significant degenerative changes. All knees had slight to severe degenerative changes of the patellar articular surfaces. Twelve knees showed significant lateral sub luxation of the patella with severe patellofemoral disease. In these cases, anteromedial advancement of the tibial tubercle was increased by more than 5" of medial rotation of the distal fragment.
RESULTS
The postoperative anteroposterior roentgenogram showed superimposition of the relatively thick posterior cortical lip that is left attached to the proximal fragment. The size of this superimposed wedge of the posterior cortex indicates the degree of actually achieved correction. The lateral view showed ovemding of the tibial tubercle of the distal fragment and the posterior cortex of the proximal fragment (Fig. 2) . Increased anterior advancement of up to 1.5 cm of the tibial tubercle was obtained in the knees with patellar arthrosis (Fig.  3) . A good alignment of the patellofemoral Ogata Clinlcal Ortkpaedla, and Related Resanrch plained of abnormal gait patterns such as intoeing.
Overall results were assessed using a grading system based on the patient's subjective eval-~a t i o n .~ A good result indicated that the patient had freedom from pain and substantial increase in walking tolerance: a fair result indicated incomplete relief of pain with some increase in walking tolerance; and a poor result meant there was no change in the patient's symptoms or walking tolerance. During a period of one to three years after surgery, 28 good, eight fair, and no poor results were achieved. There has been no significant difference in the results between the knees with discoid and nondiscoid lateral meniscus. In most cases there was a slight increase in range of knee motion after surgery. The average lateral femorotibial angle was 182.9" before sur- joint was noted on the axial projection of the patella14 in cases with advanced degeneration to the lateral facet of the patella associated with increased Q-angle ( Fig. 4) .
Early bone union was noted in all cases and none of the cases developed nonunion or delayed union. Paralysis of the extensor hallucis longus muscle was noted in two cases. However, complete recovery occurred within three months of surgery. Excessive overcorrection of 22" of valgus in the standing position was noted in one 60-year-old patient. Although the patient was not pleased with the appearance, one year after surgery she had no cornplaints of right gonalgia and was satisfied with the results. There were no wound infections, no thromboembolic disease' and no fractures n~. 4. Preoperative axial view of the patella ofthe proximal tibia1 fragment. Although the showed lateral subluxation with degenerative tibia was internally rotated in varying degrees at the time of osteotomy, no patients corn-changes to the lateral facet. After surgery a good alignment of the patellofemoral joint was obtained. gery and 169.5" after surgery in the standing position. None of the patients has required subsequent procedures for complications or poor results.
DISCUSSION
High tibial osteotomy is an already established procedure for the medial compartmental g o n a r t h r o s i~.~. l~,~~~'~ However, many different techniques have been described. 1*2*4+89-Slocum et d.I6 described the technique that leaves the posterior cortical lip attached to the proximal tibial fragment to increase stability at the osteotomy site. This technique was extended to the anterior cortex to further increase stability and to advance the tibial tubercle anteriorly by medially rotating the distal fragment. This maneuver is important in knees with patellar arthrosis associated with lateral subluxation of the patella, which may be caused by lateral subluxation and rotation of the tibia.6 Maquet13 has also addressed the problem of associated patellofemoral joint involvement: the distal tibia is brought forward 1 .O-I .5 cm. Advancement of more than 1.5 cm may not be necessary and should be avoided because instability and subsequent delayed union are This is more critical in other types of osteotomy where there is no interlocking effect of the cortices to increase stability and area of contact between the fragments. It should be kept in mind that use of a stem type of tibial prosthesis may become difficult after the distal tibia is advanced more than 1.5 cm with increased rotation. Different techniques of fixation of the osteotomy have been described and include I staple^,'-^*^*'^ compression plating," and external fixators.4*10*12.13 Since stability is already increased by an interlocking effect of the fragments in this procedure, a laterally applied stepped staple usually produces satisfactory fixation to allow early motion.
A rather high incidence of paralysis of the extensor hallucis longus muscle (2 out of 36 10-1 3,I6,17 cases) was noted. It is unlikely that medial rotation of the tibia after osteotomy, with stretching of the neurovascular structure, caused the paralysis. The author's study on cadavers showed that closing the lateral wedge causes relaxation of the peroneal nerve and the anterior tibial artery and that less than 10" of medial tibial rotation causes no significant stretching of these structures. Furthermore, none of the 12 cases that had medial rotation of more than 5" developed the nerve injury. Anatomical dissection of several cadaver legs showed that the nerve to the great toe extensors runs anteriorly to the interosseous membrane and closely along the medial border of the fibular diaphysis. It is possible that injury to this nerve occurs during the fibular osteotomy, especially when the fibula is stripped of the thick interosseous membrane. No further instance of paralysis has occurred since the author employed more meticulous exposure and osteotomized the fibula either proximal to the upper border of the interosseous membrane or distal to its midportion.
Most orthopedic surgeons at the Kyushu University Hospital can perform this procedure without difficulty. If the procedure does not work, the conventional wedge osteotomy can be performed by removing both the anterior and posterior cortices. As compared with other types of osteotomy, the interlocking wedge osteotomy requires a smaller amount of bone resection and soft tissue dissection. Furthermore, the osteotomy can be easily performed without resecting the fibular head or damaging the tibial tubercle, even if a large correction angle is to be made. Initially there was concern about the possible medial rotation deformity of the leg produced by the osteotomy, which would lead to a secondary problem in the foot. However, none of the patients developed significant in-toeing or foot problems. It is likely that less than 10" of medial tibial rotation can be satisfactorily compensated by external rotation of the hip to avoid in-toeing.
